Introduction
Facial appearance is one of the important factors influencing social relations in many situations. People tend to judge their personality based on facial appearance. 1 Cosmeceuticals, which are applied to skin, are widely used to Plant extracts have been widely used as ingredients of topical agents for wound healing and antiaging. Some of the commonly used plants for this purpose are ginkgo, ginseng, grape seeds, papaya, citrus fruits (e.g., lemon), lavender, rosemary, soy, aloe vera, and green tea, etc. 4 Plant extracts usually contain polyphenols such as flavonoids, which react with reactive oxygen species (ROS) to neutralize free radicals. 5 At present, there is a strong tendency in the cosmetic industry to develop multifunctional cosmetics with high antioxidant activity. According to the oxidative stress theory, the major causes of skin aging are an excessive production of ROS 6 and a reduction of antioxidant activity with age.
Catechins, the polyphenols in green tea, have beneficial effects on human health. 7 In recent years, they have received a great deal of attention due to their potent antioxidant activities, 8 and it was reported that green tea extract can be used to help treat hypercholesterolemia, and protect individuals against disorders caused by the aging process. 9 Moreover, several studies have reported that the catechins in green tea inhibit the activities of collagenase 10 and tyrosinase activity, subsequently improving skin health. 11 Tannase, also known as tannin acyl hydrolase (EC 3.1. 1.20) , is a kind of inducible enzyme produced by fungi, yeast, and bacteria. Tannase has mostly been characterized by its hydrolyzing activity on the ester bond (galloyl ester of an alcohol moiety) and the depside bond [galloyl ester of gallic acid (GA)] of substrates such as tannic acid, (-)-epigallocatechin-3-gallate (EGCG), (-)-epicatechin-3-gallate (ECG), and chlorogenic acid. Lu and Chen 12 reported that the tannase-derived bioconversion on catechins compositions in green tea enhanced the scavenging ability on radicals, such as superoxide anions, and hydrogen peroxide. It has also been reported that the antioxidant activities and chelation of metal ions are improved by tannase treatment. 12 However, only limited studies are available on the physical stability and physiological effects of a tannase-converted green tea extract (TGE) formulation.
In this study, we investigated the stability of a TGE formulation and its effect on collagenase, elastase, and tyrosinase activities as major enzyme markers for skin health.
Methods

Preparation of TGE
Green tea leaves were obtained from the Hadong area of Korea. The green tea leaves were ground and pulverized in a mortar, and then mixed with distilled water (DW) for 30 minutes in a 10-L reactor (200 g/4 L). The mixture was incubated at 80 • C for 20 minutes, and centrifuged at 3000 g for 15 minutes at 5 • C. The clear supernatant [normal green tea extract (NGE)] was used for experiments. The green tea extract (4 L) thus prepared was combined with 1 g of tannase (Visionbiochem, Gyeonggido, Korea) and then incubated in a water bath at 35 • C for 20 minutes followed by centrifuging at 3000 g for 15 minutes at 5 • C. The supernatant was used as the TGE for further analyses. The compositions of the base formulation (vehicle), the formulation containing 5% NGE (FNGE), and the formulation containing 5% tannase-converted green tea extract (FTGE) are shown in Table 1 .
Physical stability
The physical stability assay used in this study was based on the method reported by Zhang et al. 13 The samples in impermeable polypropylene containers were stored at 25 ± 2 • C with ambient humidity (AH), and at 40 ± 2 • C with 70% ± 5% relative humidity (RH) for 4 months. The pH, precipitation, and color features of samples were evaluated after storage for 1, 2, 3, 4, 8, 12, and 16 weeks at room temperature. Approximately 1 g of the sample was diluted with distilled water up to a volume of 10 mL. This sample mixture was then homogenized. The pH of the samples was measured using a pH meter (Systronics, Inc., Ahmadabad, India). Precipitation was conducted by measuring the supernatant after centrifuging at 3000 g for 30 minutes. The color of samples was measured using a colorimeter (Model CR300; Minolta Camera Co. Ltd. Inc., Osaka, Japan). The colorimeter was calibrated using a Minolta standard-white reflector plate in advance. The data were expressed as L (degree of lightness), a (degree of redness), and b (degree of yellowness) values based on the Hunter color system. The total color difference ( E) is calculated as follows:
where L, a, and b are colors of the samples; L , a , and b are colors of the base at time zero.
Analysis of total polyphenol and flavonoid contents
Total polyphenol contents were examined using the Folin-Ciocalteu method. 14 The reaction mixture includes 0.79 mL of DW, 0.01 mL of sample, and 0.05 mL of Folin-Ciocalteu reagent. After exactly 1 minute, 0.15 mL of 20% sodium carbonate was added to the mixture, followed by standing at room temperature in darkness for 120 minutes. The absorbance was measured at 750 nm, and the total polyphenol content was calculated with GA as the standard. The total flavonoid content was determined by the method of Li et al 14 with minor modifications. AlCl 3 in 2% ethanol (0.5 mL) was added to 0.5 mL of the sample, and allowed to stand for 1 hour at room temperature. The absorbance was measured at 420 nm. Total flavonoids were calculated with catechins as the standard.
2.4.
Inhibition of collagenase and elastase activities
The assay of collagenase inhibitory activity was performed according to the method reported by Van Wart and Steinbrink 15 with minor modifications. The 50 mM tricine buffer (pH 7.5) containing 10 mM calcium chloride and 400 mM sodium chloride was prepared. A 50 mL volume of 1.0 mM N-[3-(2-furyl)acryloyl]-Leu-Gly-Pro-Ala solution and collagenase were added in the presence or absence of samples for the reaction. The reaction was stopped by adding citric acid (6%). The reaction mixture was separated by adding ethyl acetate. The absorbance of supernatant was measured at 345 nm. The percentage of inhibition was calculated as follows:
where A is a mixture with collagenase but without sample and B is a mixture with both sample and collagenase. The inhibitory activity of elastase was evaluated spectrophotometrically by the method reported by Kraunsoe et al. 16 N-succinyl-Ala-Ala-Ala-p-nitroanilide (Suc-Ala-Ala-Ala-pNA; Bachem Feinchemikalien AG, Bubendorf, Switzerland) was used as the substrate, and the release of p-nitroaniline was monitored for 20 minutes at 25 • C. A portion (1 g) of porcine pancreatic elastase (PPE) type IV (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 1 mL of 0.2 M Tris-HCl buffer (pH 8.0). The reaction mixture contained 0.2 M Tris-HCl buffer (pH 8.0), 1 ppm PPE, 0.8 mM Suc-Ala-Ala-Ala-pNA, the sample, and the aforementioned substrate. Absorbance at 214 nm was measured. The percentage of elastase inhibition was calculated by the same method that was used to measure inhibition of collagenase.
Inhibition of tyrosinase activity
The inhibitory activity of tyrosinase was measured according to the method reported by Tyrosinase inhibition activity (%)
where A is a mixture with tyrosinase but without sample; B is a mixture without sample and tyrosinase; C is a mixture with sample and tyrosinase; and D is a mixture with sample but without tyrosinase.
Statistical analysis
All expressed values are the means of three experiments. All statistical analyses were performed using the Statistical Package for Social Sciences version 12.0 (SPSS Inc., Chicago, IL, USA). The changes in physical stability according to time interval were analyzed by repeated measures analysis of variance (ANOVA). The differences among formulations (vehicle, FNGE, and FTGE) were analyzed by one-way ANOVA and Turkey multiple test. The results are reported as means ± standard deviation. All tests were two-sided at the 5% significance level.
Results
Green tea biotransformation by tannase
The bioconversion of green tea was achieved by tannase treatment. The composition of catechins in tannase-treated green tea extract was analyzed by high-performance liquid chromatography (HPLC; Fig. 1 ). We observed that the hydrolysis of green tea catechins usually increased with the reaction time ( Table 2 ). The relative levels of each component in the green tea extracts were altered by tannase treatment. Tannase treatment induced the decrease of EGCG and ECG levels, and increase in the levels of (-)-epigallocatechin (EGC), (-)-epicatechin (EC), and GA. However, the relative amounts of caffeine were not changed after tannase treatment. Fig. 2 shows the pH variation of the cosmetic formulations stored at different temperatures and humidities for 4 months. The pH values of each sample did not exhibit a significant change over time at 25 ± 2 • C/AH; they showed minimal changes within the ranges of 6.32-6.30, 6.42-6.38, and 5.94-5.92 for vehicle, FNGE, and FTGE, respectively ( Fig. 2A) . The change in pH values at 40 ± 2 • C with 70% ± 5% RH (Fig. 2B ) was also similar to those at 25 ± 2 • C with AH condition. This result showed that the pH of green tea extract formulation is relatively stable at different temperatures, humidities, and storage durations. Tannase treatment leads to a significant decrease in pH value compared with the control; the pH of FTGE was approximately 5.9, whereas FNGE has pH values of 6.3-6.4 in both Figs. 2A and 2B. Our data showed that green tea extract formulations, especially FTGE, maintained constant weak acidic pH during the storage period (Fig. 2) . After centrifugation, phase separation was not observed in any of the three formulations stored for different periods at 25 • C. The FNGE kept at 40 • C for 8 weeks showed a little phase separation, and the centrifugal precipitations in FNGE were present in very small quantities. However, no centrifugal precipitation was found at any storage time in the FTGE kept at 40 • C (data not shown).
Physical stability
The color changes of the cosmetic formulations were also analyzed in the stability study (Fig. 3) . In particular, the total color difference ( E) of the FNGE was higher than that of the FTGE. The total color differences of the FTGE were slightly increased with increasing storage times, whereas no significant differences were observed between baseline and changed values. However, FNGE started to show significant (p < 0.05) darkness after 56 days of storage at 40 ± 2 • C with 70% ± 5% RH. The color changes shown by FNGE were significantly different between baseline values and values at 8, 12, and 16 weeks ( Fig. 3B) . Therefore, our results indicate good color stability of FTGE.
Total polyphenol and flavonoid contents
We examined the effect of tannase treatment on the levels of total polyphenol and flavonoids in the green tea extract formulation. As shown in Fig. 4A , TGE allowed a significantly (p < 0.05) increased level of total polyphenol contents compared with NGE and vehicle; FTGE had 0.92 mg/mL of total polyphenolic content, while vehicle and FNGE had 0.60 and 0.83 mg/mL, respectively. In addition, the flavonoid content of FTGE (0.57 mg/mL) was higher than the levels in other formulations (vehicle = 0.09 and FNGE = 0.45 mg/mL; p < 0.05; Fig. 4B ). This result suggests that polyphenol and flavonoid contents in green tea were increased by tannase-derived bioconversion. In our HPLC analysis, tannase treatment induced changes in the compositions of catechin (Fig. 1) ; the FNGE contained 2.4 mg/g GA, 5.9 mg/g EGC, and 3.6 mg/g EC compared with the FTGE levels of 17.2, 9.4, and 4.9 mg/g, respectively, and the FTGE contained less EGCG (1.0 mg/g) and ECG (1.1 mg/g) than the contents of FNGE (EGCG = 33.3 mg/g and ECG = 11.9 mg/g; data not shown).
Inhibition of collagenase, elastase and tyrosinase activities
Collagenase and elastase are known to be major enzymes responsible for dehydration and wrinkle formation on the skin surface. We examined the inhibitory effects of green tea extract on these two enzymes in the presence or absence of tannase. The inhibitory activities of collagenase on the cosmetic formulations are shown in Fig. 5A . The inhibition of collagenase activity was not significantly different between FNGE (15.63%) and FTGE (15.14%). The elastase inhibitory activity of the cosmetic formulations is shown in Fig. 5B . The inhibition of elastase activity for FNGE and FTGE was 24.79% and 34.98%, respectively. This result showed that FTGE has an inhibitory effect on elastase rather than on collagenase, which could contribute to antiwrinkle effects. Our results indicate that FTGE possesses equivalent or higher inhibitory effect on collagenase and elastase compared with FNGE. The inhibition of elastase by FTGE was significantly (p < 0.05) higher than that by FNGE.
The tyrosinase inhibitory activities of the cosmetic formulations were measured as shown in Fig. 6. FTGE (58.06%) showed a higher inhibitory activity (58.06%) than that of FNGE 
Discussion
Gallated catechins, such as EGCG and ECG, were thought to be hydrolyzed to degallated catechins (EGC or EC), and such conversion was maximized in 2 h. This change in the compositions of green tea extract is due to the action of tannase, which cleaves the ester bonds between EGCG (or ECG) and GAs. Aspergillus oryzae is a known source of tannase hydrolyzing the ester bonds of natural substrates. 18 More such sources are expected to be discovered in the future. Stability test is one of the crucial areas in the cosmetic testing program, because of the instability of the product involved in the safety, efficacy, and quality of cosmetic formulations. For physical stability, changes in pH, level of precipitation, and color features for storage period are tested. These pH conditions of green tea extract well correspond to weak acidic environments on the skin surface, which provides resistance to foreign pathogens. The efficacy of cosmetic product depends on the delivery of the functional molecule into the skin, which is affected by the type of molecules. 19 These agreements of pH between green tea extract and skin are thought to be desirable for delivery of active compounds into the skin. Therefore, our results indicate that TGE did not change the pH during storage, providing more acidic pH conditions for skin application. Centrifugation is one of the alternative methods to rapidly assess the stability of different formulations. The hydrolytic activity of tannase could be expected to decrease the binding ability of EGCG to protein, due to the cleavage of ester bonds. However, our tannase treatments did not cause aggregation of macromolecules or the formation of precipitates during storage periods.
Many cosmetic products currently use plant extracts as a source of flavonoid. The increase in the use of flavonoids in cosmetic is due to their beneficial biochemical effect such as antioxidant activity. 20 Catechins are the major polyphenols in green-tea extracts. A recent study reported on the various health beneficial effects of catechin including its sedative effect on skin and inhibitory effects on photoaging and cancer. 21 Green tea usually contains four major types of catechins, namely, EC, (-)-ECG, (-)-EGC, and (-)-EGCG. The EGCG constitutes 65% of the total catechins. 22 Compared with other hydrophobic substances it is difficult for catechins to permeate the dermal surfaces due to their hydrophilic nature and their chemical interactions with the skin lipid bilayer. 23 Several studies on dermal penetration of catechins showed that degallated catechins such as EC and EGC more easily permeated the skin than EGCG and ECG. 24 EC and EGC is thought to penetrate the skin more than EGCG and ECG due to their increased hydrophobicity. Therefore, FTGE might be able to permeate the skin more easily than FNGE, which provides a higher availability in cosmetics.
Collagen and elastin are major components of the connective tissue of the skin. Collagen accounts for 70-80% of the skin weight, providing structural stability. However, collagen is known to be rapidly dismantled by collagenase. 25 Plant phenolic compounds have been known to inhibit collagenase activity, 26 accompanied by free-radical scavenging ability to control aging. Catechins including EGCG have been known to inhibit the activity of collagenase and elastase. 27 Persimmon (Diospyros kaki) leaf-derived polyphenols showed anticollagenase and antielastase activity. 28 Rosemary (Rosmarinus officinalis) extract has also been known to have strong antielastase activity. 29 The principle compound responsible for this inhibitory activity is considered to be the flavonoids present in plant extracts. Madhan et al. 10 showed that the conformational change in collagenase induced by the green tea polyphenols is responsible for the inhibition of Clostridium histolyticum collagenase I. The hydroxyl part of polyphenols can form hydrogen bond with the functional groups of collagenase. The benzene group of the polyphenols can also be involved in hydrophobic interactions with collagenase.
Elastin, an insoluble fibrous protein, occupies only 2-4% of the dermis matrix, but plays an important role in presenting the elasticity of the skin. It also comprises a network with collagenous fibers under the epidermis. 30 It is usually degraded by elastase, which can hydrolyze peripheral and structural proteins in the connective tissue. 31 Because decomposition of elastin results from activation of elastase caused by ultraviolet light or ROS, inhibition of elastase activity could also be a therapeutic target to protect elastin-induced skin aging. 32 ROS is known to induce expression of proteinases, which cause remodeling of skin extracellular matrix. Activation of such proteases (e.g., matrix metalloproteinases and serine proteases) may be involved in the lack of skin elasticity. 32, 33 The inhibitory effect of FTGE on elastase could be correlated to our data, which showed more total polyphenol and flavonoid contents in FTGE (Fig. 4) . FTGE can strongly interact with elastase than FNGE due to hydrophobic interactions, providing the conformational change of elastase, resulting in strong inhibition of elastase activity. Therefore, our results indicate that FTGE has been demonstrated to be a beneficial ingredient to treat the effects of skin aging.
Melanin is responsible for the formation of spots and freckles on skin. Tyrosinase is a major enzyme of the melanin synthetic pathway in melanocytes. Therefore, inhibition of melanocyte metabolic enzyme such as tyrosinase could be an important strategy for blocking melanogenesis. 34 In reality, tyrosinase inhibitors have been used as important ingredients of cosmetics for skin whitening. 11 Search for the tyrosinase inhibitor usually using an in vitro mushroom tyrosinase inhibition assay. 35 Kojic acid, arbutin, ascorbic acid derivatives, retinoic acid, azelaic acid, and many other natural inhibitors are now commercialized or used for localized hyperpigmentation, which is found in dermatological disorders. Recent studies reported on arbutin, a fungal metabolite, and hydroquinone, which are used as tyrosinase inhibitors in cosmetics. 36, 37 However, some of these inhibitors involve several limitations in activity, toxicity, and penetration. Therefore, safe and effective tyrosinase inhibitors are needed to be searched and developed. Edible plant-derived bioactive compounds usually receive a lot of attention as tyrosinase inhibitor because they are relatively safe compared with wild plants. Potent tyrosinase inhibitors, such as cuminaldehyde, oxyresveratrol, kaempferol, quercetin, and GA derivatives, have been isolated from various plants. 38 The majority of natural tyrosinase inhibitors consist of a phenolic structure or are a metal chelater. 39 In general, the level of the antioxidant or tyrosinase inhibitory activities is proportion to the level of the phenolic content. Thus, phenolics contained in our samples may play a major role in inhibition of tyrosinase activity in FTGE. Polyphenol may be also used as depigmentation agents because of their structural similarity to tyrosine, a substrate of tyrosinase. 38 In addition, antioxidants inhibit pigmentation by various mechanisms including scavenging of ROS and reactive nitrogen species, 40 and reduction of o-quinones or other intermediates in melanin biosynthesis, thus delaying oxidative polymerization. 41 ␣-Tocopherol, an antioxidant, is usually known to inhibit melanin formation by suppressing oxidative polymerization of phenylalanines. 42 Therefore, polyphenolic compounds are partially responsible for the efficacy of substances used as whitening agents in skin-care products.
According to Kubo et al. 43 all catechins could inhibit tyrosinase by their ability to chelate copper. Many catechins have been isolated from green tea 44 as strong tyrosinase inhibitors. This study indicates that optimal tyrosinase inhibition requires the structure of flavan-3-ol skeleton with a galloyl moiety at the 3 position. Moreover, addition of a hydroxyl group enhanced the inhibitory effect on tyrosinase, whereas addition of a methyl group reduced the inhibitory activity. Meanwhile, an unsaturated alkyl side chain produced a stronger inhibition compared with a saturated side chain. Oxyresveratrol presents strong tyrosinase inhibitory activity mainly because of the hydroxy groups in the ring. 44 No et al. 44 reported that EC, EGC, and catechin, which are isolated from green tea extract, showed <10%, 40%, and <10% of inhibitory effects, respectively, against mushroom tyrosinase at a 40 M concentration. Our data showed that the inhibitory effect of FTGE on tyrosinase activity was higher than that of FNGE. Thus, TGE could be more useful in the development of cosmetic formulations for whitening based on the tyrosinase inhibition.
Conclusion
In this study, we found that FTGE retained its physical stability in environmental changes such as temperature and pH, and maintained higher level of total polyphenols and flavonoids than FNGE. Moreover, our result indicates that tannasetreated formulation may be more effective for inhibiting elastase and tyrosinase activities. Thus, this study suggests that TGE may be supplemented as a pharmacologic agent in skin-care products such as antiaging and whitening creams.
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